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DIABETES, LIPIDS AND METABOLISM
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Background: Poor prognosis in heart failure (HF) patients with diabetes is often attributed to increased co-
morbidity and advanced disease. Further, this effect may be worse in women.

Obijective: To determine whether the effect of diabetes on outcomes and the sex-related variation persisted in
a propensity score-matched HF population, and whether the sex-related variation was a function of age.
Methods: Of the 7788 HF patients in the Digitalis Investigation Group trial, 2218 had a history of diabetes.
Propensity score for diabetes was calculated for each patient using a non-parsimonious logistic regression
model incorporating all measured baseline covariates, and was used to match 2056 (93%) diabetic patients
with 2056 non-diabetic patients.

Results: All-cause mortality occurred in 135 (25%) and 216 (39%) women without and with diabetes
(adjusted HR=1.67; 95% Cl=1.34 to 2.08; p<0.001). Among men, 535 (36%) and 609 (41%) patients
without and with diabetes died from all causes (adjusted HR=1.21; 95% Cl=1.07 to 1.36; p=0.002). Sex-
diabetes interaction (overall adjusted p<0.001) was only significant in patients =65 years (15% absolute risk
increase in women; multivariable p for interaction=0.005), but not in younger patients (2% increase in
women; p for interaction =0.173). Risk-adjusted HR (95% Cl) for all-cause hospitalisation for women and
men were 1.49 (1.28 to 1.72) and 1.21 (1.11 to 1.32), respectively, also with significant sex—diabetes
interaction (p=0.011).

Conclusions: Diabetes-associated increases in morbidity and mortality in chronic HF were more pronounced
in women, and theses sex-related differences in outcomes were primarily observed in elderly patients.

with poor outcomes.'> HF patients with diabetes are

sicker and have a higher burden of co-morbidity than
those without diabetes.' > Diabetes is also associated with
activation of the renin-angiotensin—aldosterone and sympa-
thetic nervous systems.”* There is mounting evidence that
diabetes adversely affects collagen production in fibroblasts and
calcium homeostasis in cardiac myocytes.” © However, it is not
clear to what extent the diabetes-associated poor outcomes in
HF are due to the direct effects of diabetes.

Although outcome-based multivariable risk adjustment
models can account for these confounding covariates to some
extent, concerns for residual bias limit interpretation of these
results.” To address this concern, propensity score matching can
be used to assemble cohorts of patients with and without an
exposure who would be well balanced in all measured baseline
covariates.*'* More importantly, as investigators remain
blinded during the design phase of a randomised clinical trial,
this process of bias reduction and study cohort assembly can be
done without any knowledge or use of the outcomes data, and
the magnitude of bias reduction may be objectively assessed
using standardised differences.” "'

Data from patients with coronary artery disecase and elderly
patients hospitalised with systolic HF suggest that the effect of
diabetes might be worse in women than in men.">* However,
little is known about the sex-related variation in the effect of
diabetes on outcomes in a more stable younger ambulatory
patient population with mild to moderate systolic and diastolic
HF. It is also unknown if this sex-related difference in the effect
of diabetes on HF is a function of age. The purpose of this study
thus is to determine the effect of diabetes on mortality and

Diabetes is common in heart failure (HF) and is associated
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hospitalisation in propensity score-matched ambulatory HF
patients and to determine if the effect varies by sex and if the
sex-related differences vary by age.

METHODS

Data source and patients

We conducted a secondary analysis of the Digoxin Investigation
Group (DIG) data set. A detailed description of the rationale,
design, implementation, patient characteristics and results of
the DIG trial has been published previously.” '* Briefly, DIG
recruited 7788 ambulatory patients with systolic (ejection
fraction <45%; n=6800) and diastolic (ejection fraction
>45%; n = 988) HF patients from 302 centres in the USA and
Canada during 1991-1993. These patients were randomised to
receive either digoxin or placebo, and were followed-up for a
median of 38 months.

Diabetes

The presence of baseline diabetes as a co-morbid condition was
ascertained by investigators based on chart documentation of
diabetes. Data on baseline diabetes were available on all 7788
participants, of which 2218 (28.5%) had diabetes.

Outcomes

The primary outcomes for this analysis are mortality and
hospitalisation due to all causes. We also studied mortality and
hospitalisations due to cardiovascular causes and worsening HF.

Abbreviations: HF, heart failure; HR, hazard ratio; NYHA, New York
Heart Association
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Estimation of propensity scores

Because of the significant imbalances in baseline covariates
between patients with and without diabetes (table 1), we used
propensity scores to reduce imbalance.”” "' '** We used a non-
parsimonious multivariable logistic regression model to esti-
mate propensity scores for diabetes for all patients. Covariates
included in the model were age, sex, race, body mass index, HF
duration, HF aetiology, co-morbidities (myocardial infarction,
current angina and hypertension), medications (ACE inhibi-
tors, pretrial digoxin, potassium-sparing diuretic, non-potas-
sium-sparing diuretic, potassium supplement, and nitrates,
hydralazine and other vasodilators), functional status (New
York Heart Association (NYHA) functional class), symptoms
(dyspnoea at rest and dyspnoea on exertion), physical signs
(jugular venous distension, third heart sound, pulmonary rales
and lower extremity oedema) and radiological signs (cardi-
othoracic ratio and pulmonary congestion) of HF, vital signs
(heart rate, and systolic and diastolic blood pressure),
laboratory data (serum creatinine and potassium levels) and
left ventricular ejection fraction. The model had an appropriate
fit (Hosmer—Lemeshow goodness-of-fit % 6.12 and p = 0.634)
and discriminated well (c statistic, 0.711). However, because
propensity score models are sample-specific adjusters, and are
not used for out-of-sample prediction or estimation of
coefficients, measures of calibration and discrimination are
less relevant to the assessment of the model’s quality.”

Propensity score matching

Using an SPSS macro, we matched pairs of patients with and
without diabetes who had very similar propensity scores.” '* *° >
Before matching, the median propensity scores for patients
with and without diabetes were 0.34402 and 0.22793,
respectively (Mann-Whitney test p<<0.0001). After matching,
the median propensity scores for patients with and without
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diabetes were 0.29830 and 0.29877, respectively (Mann-—
Whitney test p = 0.898). The covariate balance achieved in the
matching was assessed by absolute standardised differences in
covariates between patients with and without diabetes.
Standardised differences measure the degree of bias in
covariate means across exposures.'' It is more appropriate than
significance test results for assessing balance in observational
studies and is also an important measure of the quality of a
propensity score model. Absolute standardised differences of
<10% for all measured covariates suggest that these covariates
are well balanced between patients with and without diabetes
(fig 1). According to Rubin, “If this balance is achieved in an
observational study—that is, if the treatment and control
groups have very similar distributions of the observed
covariates within blocks (subclasses, matched pairs, etc.) of
the propensity score (perhaps crossed by blocks on critical
covariates)—then it really makes no difference, for estimation
of effects controlling for these covariates, as to how this balance
was achieved.””’

Statistical analysis

The analyses were done in two stages for each of the outcome
variables of interest. In the first stage, we investigated the effect
of diabetes with follow-up analyses on the interaction effect of
diabetes with sex. To achieve these aims, several models were
fitted. One model only had diabetes as an independent variable.
To test for interaction between diabetes and sex, we calculated
absolute risk differences and then formally tested for interac-
tions using Mantel-Haenszel tests of homogeneity. We then
fitted a Cox proportional hazards model with sex, diabetes and
their interaction as covariates. Because we found a significant
interaction effect between sex and diabetes, we performed
separate analyses for men and women. In particular, we used
Kaplan—-Meier survival analyses and log-rank tests to compare

Table 1 Baseline characteristics of patients with and without diabetes, before and after propensity score matching
Before propensity score match After propensity score match
No diabetes Diabetes No diabetes Diabetes
(n=5570) (n=2218) p Value (n=2056) (n=2056) p Value
Age in years (median) (SD) 63.8 (11.4) 64.3 (9.4) 0.064 64.2(11.1) 64.3 (9.4) 0.700
Women 1276 (23%) 650 (29%) <0.001 549 (27%) 559 (27%) 0.725
Non-whites 739 (13%) 389 (18%) <0.001 343 (17%) 350 (17%) 0.803
Ejection fraction (%) (SD) 31.7 (13) 32.4(12) 0.044 32.1 (13) 32.1(12) 0.752
Ischaemic aetiology 3722 (67%) 1638 (74%) <0.001 1502 (73%) 1499 (73%) 0.916
NYHA class llI-IV 1624 (29%) 817 (37%) <0.001 745 (36%) 726 (35%) 0.536
Prior myocardial infarction 3460 (62%) 1448 (65%) 0.009 1347 (66%) 1343 (65%) 0.896
Current angina 1446 (26%) 669 (30%) <0.001 606 (30%) 603 (29%) 0.918
Hypertension 2359 (42%) 1315 (59%) <0.001 1184 (58%) 1175 (57%) 0.777
Chronic kidney disease 2492 (45%) 1106 (50%) <0.001 1003 (49%) 987 (48%) 0.640
Medications
Digoxin 2793 (50%) 1096 (49%) 0.564 1040 (51%) 1018 (50%) 0.512
ACE inhibitors 5186 (93%) 2088 (94%) 0.106 1936 (94%) 1944 (95%) 0.589
Diuretics 4206 (76%) 1870 (84%) <0.001 1718 (84%) 1716 (84%) 0.966
Symptoms and signs
Dyspnoea at rest 3808 (68%) 1658 (75%) <0.001 1523 (74%) 1520 (74%) 0.915
Elevated JVP 2770 (50%) 1255 (57%) <0.001 1086 (53%) 1153 (56%) 0.039
Pulmonary rdles 3909 (70%) 1656 (75%) <0.001 1523 (74%) 1525 (74%) 0.943
Lower extremity oedema 2705 (49%) 1408 (64%) <0.001 1262 (61%) 1273 (62%) 0.724
=>6 symptoms or signs 2912 (52%) 1382 (62%) <0.001 1226 (60%) 1265 (62%) 0.225
Heart rate (per min) (SD) 77 (13) 81 (12) <0.001 81 (13) 80 (12) 0.453
Blood pressure (mm Hg) (SD)
Systolic 126 (20) 130 (21) <0.001 129 (21) 130 (21) 0.752
Diastolic 75(11) 75(11) 0.403 75(12) 75(11) 0.885
Chest radiograph findings
Pulmonary congestion 3599 (65%) 1594 (72%) <0.001 1416 (69%) 1464 (71%) 0.110
Cardiothoracic ratio >0.5 3290 (59%) 1400 (63%) 0.001 1295 (63%) 1292 (63%) 0.946
Serum creatinine (mg/dl) (SD) 1.26 (0.35) 1.32(0.41) <0.001 1.31 (0.38) 1.31 (0.40) 0.850
Serum potassium (mEq/l) 4.32 (0.43) 4.38 (0.46) <0.001 4.37 (0.42) 4.37 (0.46) 0.813
JVP, jugular venous pressure; NYHA, New York Heart Association.
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Figure 1  Absolute standardised differences in baseline covariates before
and dfter propensity score matching. HF, heart failure; NYHA, New York
Heart Association.

the survival functions, and fitted bivariate and multivariable
Cox proportional hazards models with only diabetes and then
added the rest of the covariates (same baseline covariates used
in estimating the propensity scores) to estimate the hazard
ratios (HRs), separately for men and women, to determine the
effect of diabetes on all-cause mortality and all-cause hospita-
lisations. Our multivariate models incorporated the same
baseline covariates as were used in the multivariable logistic
regression model used to estimate propensity scores. The
second stage of the analyses aims to understand the role of
age in sex-related differences in the effect of diabetes. To
achieve this, we repeated the above analyses separately for
patients <65 years and =65 years. All statistical tests were
evaluated using a two-tailed 95% confidence level. Analyses
were performed using SPSS for Windows (Release 14.0).**

RESULTS

Patient characteristics

The mean (SD) age of 4112 propensity-matched patients was 64
(11) years, 27% were women and 17% were non-whites. Before
matching, patients with diabetes were more likely to be
women, non-whites, have higher NYHA class, pulmonary
congestion, ischaemic cardiomyopathy, hypertension and
chronic kidney disease, defined as estimated glomerular
filtration rate <60 ml/1.73 m?> > * and be treated with non-
potassium-sparing diuretics (table 1). There were no imbal-
ances among the matched patients (table 1 and fig 1).
Regardless of diabetes, women were more likely to be elderly,
non-whites, have higher NYHA class, pulmonary congestion,
hypertension and chronic kidney disease, and be treated with
diuretics (table 2).
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Diabetes and mortality

During a median 38 months of follow-up, 36% patients died
from any cause, 29% died from cardiovascular causes and 13%
died from worsening HF. Compared with 33% deaths among
patients without diabetes, 40% of those with diabetes died from
all causes (HR=1.29; 95% CI=1.16 to 1.42; p<0.001).
Diabetes-associated higher mortality persisted after multivari-
able risk adjustment (adjusted HR =1.31; 95% CI=1.18 to
1.45; p<0.001). Adjusted HR for cardiovascular and HF
mortality for patients with diabetes were 1.31 (95% CI=1.16
to 1.46; p<0.001) and 1.42 (95% CI=1.20 to 1.69; p<0.001),
respectively.

Sex-related variations in mortality associated with
diabetes

Kaplan—Meier plots for total mortality are displayed in fig 2A.
Compared with men (38%), fewer women (32%) died from all
causes during the study (adjusted HR = 0.81; 95% CI =0.72 to
0.93, p<<0.001). Among patients without diabetes, compared
with men (36%), fewer women (25%) died from all causes (y’
p<0.001). However, among patients with diabetes, there was
no significant difference in mortality between men (41%) and
women (39%; x> p = 0.401).

The absolute increase in mortality due to diabetes was more
pronounced in women (39% and 25%, respectively, for patients
with and without diabetes; ¥* p<<0.001) than in men (41% and
36%, respectively, in patients without diabetes; x> p = 0.003).
The Mantel-Haenszel test of heterogeneity revealed a signifi-
cant heterogeneity in the effect of diabetes between the sexes
(p=0.004). A bivariate Cox proportional regression analysis
also confirmed a significant interaction between diabetes and
sex (p = 0.002).

The effect of diabetes on mortality was more pronounced in
women (adjusted HR = 1.67; 95% CI = 1.34 and 2.08; p<<0.001)
than in men (adjusted HR=1.21; 95% CI=1.07 to 1.36;
p=0.002) (table 3). These sex-related differences were
significant (p for interaction = 0.005).

Mortality and age-related variations in sex-diabetes
interaction
Among HF patients <65 years, the effect of diabetes on
mortality was similar in both women and men with 6% and 8%
absolute increases in mortality, respectively (Mantel-Haenszel
test for heterogeneity p =0.524; fig 3). Diabetes significantly
increased mortality in both women (adjusted HR = 1.69;
p=10.001) and men (adjusted HR = 1.21; p = 0.036), with no
significant sex—diabetes interaction (adjusted p = 0.173; fig 3).
Among HF patients =65 years, absolute increases in
diabetes-related mortality were 19% and 4%, respectively, for
women and men (Mantel-Haenszel test for heterogeneity
p=0.001; fig 3). The increased mortality associated with
diabetes persisted after multivariable risk adjustment in elderly
women (adjusted HR = 1.87; p<<0.001), but was attenuated and
lost significance for elderly men (adjusted HR = 1.20;
p = 0.021). The sex-related difference in the effect of diabetes
on mortality was significant in HF patients =65 years (adjusted
p for interaction = 0.005; fig 3).

Diabetes and hospitalisation

Overall, 69% patients were hospitalised from all causes: 55%
were due to cardiovascular causes, 33% due to worsening HF.
Compared with 65% hospitalisations among patients without
diabetes, 73% of those with diabetes were hospitalised due to
all causes (unadjusted HR=1.28; 95% CI=1.19 to 1.38;
p<0.001). Diabetes-related increased hospitalisation remained
unchanged after multivariable risk adjustment (adjusted
HR =1.28; 95% CI=1.19 to 1.38; p<<0.001). Adjusted HR for
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Table 2 Baseline characteristics for patients by sex and diabetes
Diabetes No Diabetes
Men Women Men Women
(n=1497) (n=559) p Value (n=1507) (n=549) p Value
Age in years (median) (SD) 64.1 (8.9) 65.0(10.7) 0.042 63.7 (10.4) 65.4(12.7) 0.003
Non-whites 223 (15%) 127 (23%) <0.001 216 (14%) 127 (23%) <0.001
Ejection fraction (%) (SD) 30.8 (12) 35.7 (13) <0.001 30.6 (12) 36.0 (15) <0.001
Ischaemic aetiology 1129 (75%) 370 (66%) <0.001 1171 (78%) 331 (60%) 0.916
NYHA class llI-HV 487 (33%) 239 (43%) <0.001 518 (34%) 227 (41%) 0.004
Prior myocardial infarction 1023 (68%) 320 (57%) 0.009 1069 (71%) 278 (51%) <0.001
Current angina 426 (29%) 177 (32%) 0.155 435 (29%) 171 (31%) 0.315
Hypertension 810 (54%) 365 (65%) <0.001 826 (55%) 358 (65%) <0.001
Chronic kidney disease 639 (43%) 348 (62%) <0.001 696 (46%) 307 (56%) <0.001
Medications
Digoxin 742 (50%) 276 (49%) 0.938 750 (50%) 290 (53%) 0.220
ACE inhibitors 1417 (95%) 527 (94%) 0.735 1430 (95%) 506 (92%) 0.020
Diuretics 1224 (82%) 492 (88%) 0.001 1241 (82%) 477 (87%) 0.014
Symptoms and signs
Dyspnoea at rest 1085 (73%) 435 (78%) 0.014 1085 (72%) 438 (80%) <0.001
Elevated JVP 847 (57%) 306 (55%) 0.455 777 (52%) 309 (56%) 0.058
Pulmonary rdles 1095 (73%) 430 (77%) 0.082 1088 (72%) 435 (79%) 0.001
Lower extremity oedema 913 (61%) 360 (64%) 0.156 906 (60%) 356 (65%) 0.052
=6 symptoms or signs 901 (60%) 364 (65%) 0.041 864 (57%) 362 (66%) <0.001
Heart rate (per min) (SD) 80 (12) 81(12) 0.065 80 (13) 83 (13) <0.001
Blood pressure (mm Hg) (SD)
Systolic 129 (20) 132 (22) 0.003 128 (21) 133 (22) <0.001
Diastolic 75(11) 75(12) 0.761 74 (11) 76 (12) 0.019
Chest radiograph findings
Pulmonary congestion 1032 (69%) 432 (77%) <0.001 1003 (67%) 413 (75%) <0.001
Cardiothoracic ratio >0.5 874 (58%) 418 (75%) <0.001 881 (59%) A14 (75%) <0.001
Serum creatinine (mg/dl) (SD) 1.35(0.39) 1.20 (0.39) <0.001 1.36 (0.37) 1.16 (0.37) 0.019
Serum potassium (mEq/I) 4.40 (0.46) 4.31 (0.43) <0.001 4.40 (0.42) 4.30 (0.42) <0.001
JVP, jugular venous pressure; NYHA, New York Heart Association.

cardiovascular and HF hospitalisations for patients with versus
without diabetes were 1.31 (95% CI=1.20 to 1.43: p<<0.001)
and 1.54 (95% CI=1.38 to 1.72; p<<0.001), respectively.

Sex-related variations in hospitalisations associated
with diabetes

Kaplan-Meier plots for hospitalisations due to all causes are
displayed in fig 2B. The absolute increase in all-cause
hospitalisations due to diabetes was more pronounced in
women (74% and 61%, respectively, for patients with and
without diabetes; y? p <0.001) than in men (72% and 66%,
respectively, for patients with and without diabetes; %2
p<<0.001), with a significant Mantel-Haenszel test for hetero-
geneity (p=0.032). A bivariate Cox proportional regression
analysis also confirmed a significant interaction between
diabetes and sex (p =0.008). The effect of diabetes on all-
cause hospitalisation was more pronounced in women
(adjusted HR = 1.49; 95% CI=1.28 to 1.72; p<<0.001) than in
men (adjusted HR=1.21; 95% CI=1.11 to 1.32; p<<0.001)
(table 3). These sex-related differences were significant (p for
interaction = 0.011).

Hospitalisation and age-related variations in sex-
diabetes interaction
Among HF patients <65 years, there was a 17% and 9%
increase in all-cause hospitalisations among women and men
with diabetes (Mantel-Haenszel test for heterogeneity
p = 0.097). However, the relative risk of all-cause hospitalisa-
tion due to diabetes was higher among women (adjusted
HR=1.58;, 95% CI=1.25 to 1.99; p<0.001) than in men
(adjusted HR=1.29; 95% CI=1.14 to 147, p<0.001).
However, these differences were not significant (multivariable
adjusted p for interaction = 0.395).

Among HF patients =65 years, absolute increases in
diabetes-related all-cause hospitalisations were 10% and 4%,
respectively, for women and men (Mantel-Haenszel test for

heterogeneity p = 0.112). However, the relative risk of all-cause
hospitalisation due to diabetes was higher among women
(adjusted HR = 1.53; 95% CI = 1.27 to 1.85; p<0.0001) than in
men (adjusted HR=1.16; 95% CI=1.03 to 1.31; p=0.018),
with significant interaction (multivariable adjusted p for
interaction = 0.002).

DISCUSSION

In the current study we found that diabetes was associated
with a significant increase in the risk of death and hospitalisa-
tion among a propensity score-matched cohort of ambulatory
HF patients. Importantly, we also observed that the signifi-
cantly increased diabetes-related mortality and hospitalisations
in women were restricted in patients =65 years, which was
primarily due to an attenuated effect of diabetes in men =65
years. These results in a relatively stable HF cohort with an
excellent balance in all measured baseline covariates suggest
that diabetes has a significant negative impact on the natural
history of HF, and an early diagnosis and a more stringent
control of diabetes is necessary to improve outcomes in HF,
especially in elderly women.

The findings of our study are consistent with previous reports
on the effect of diabetes on cardiovascular disease in general
and HF in particular.' > '* *” Gustafsson et al demonstrated a
significant effect of diabetes and sex interaction on mortality in
elderly hospitalised acute systolic HF patients."* However,
diabetic patients in those studies were sicker and had a higher
burden of co-morbidity, as is also evident from the prematch
cohort of our study (table 1). Our study confirms the existence
of a similar effect of this interaction, but in ambulatory and
relatively younger chronic systolic and diastolic HF patients, on
both mortality and hospitalisation. Since our propensity score
matching achieved an excellent balance in all measured
covariates, the deleterious effects of diabetes are probably due
to its direct metabolic effects. It is now well appreciated that
hyperglycaemia, in addition to the haemodynamic stress of HF,
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Figure 2 Kaplan-Meier plots for cumulative risk of all-cause mortality and
all-cause hospitalisation by diabetes and sex.

can activate neurohormonal systems and reactive oxygen
species that promote apoptosis and fibrosis in the heart and
kidney.’ * These changes at the myocardial level result in more
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severe left ventricular remodelling and lethal arrhythmias that
could account for the increased overall and cardiovascular
morbidity and mortality in our cohort of ambulatory HF
patients.

The differential effect of diabetes on morbidity and mortality
in men versus women is quite striking. We noted that
compared with men, women with diabetes were older and
were also more likely to have higher NYHA class, chronic
kidney disease and be receiving diuretics, suggesting a more
advanced stage of HF. However, among HF patients without
diabetes, women also shared these same characteristics relative
to men (table 2) but this did not result in an increased mortality
and hospitalisation. These results suggest an effect of diabetes
in the female population that is not related to the underlying
severity of heart disease or presence of kidney disease.
However, our data also indicate that the differential increase
in mortality in women with diabetes was largely a function of
age, and lack of effect of diabetes in elderly men. Thus, diabetes
negates the female sex advantage in elderly HF patients, which
is primarily due to a lack of effect of diabetes in elderly men and
a greater effect in elderly women. This is important as >80% of
all HF patients are =65 years and the prevalence of diabetes
increases with age.

Although many other studies have shown that diabetes
imposes a greater risk of heart disease and HF in women than
in men, the effect of age on the greater risk in women with
diabetes is less clearly defined. The median age of our patient
population was 65 years. It was of interest that there was a
significant interaction of diabetes and sex among HF patients
=65 years, but not among younger patients. Studies in rat
models of diabetes demonstrate that pro-survival signalling
pathways and cardiac contractile function were preserved in
young females but depressed in age-matched males with
streptozotocin-induced diabetes.” ** However, the protective
effects of female gender were negated by advanced age in
rodent models of diabetes.” This is believed to be in part due to
increased insulin resistance and greater susceptibility to
ischaemic injury in the ageing female type 2 diabetic heart.”
However, no such data are available from human HF. The
disproportionate effect of diabetes in elderly women may also
be a function of age and may in part be mediated by the
menopause.

Several limitations of our study must be acknowledged.
Propensity score analyses cannot necessarily account for bias
due to unmeasured covariates. Our matching protocol resulted
in exclusion of some study participants. However, we were able
to match 93% of all patients with diabetes. The diagnosis of

Table 3 Effects of diabetes on all-cause mortality and all-cause hospitalisation

AR
(% mortality/ Crude HR Adjusted* HR Adjusted p for
total) ARD (%) (95% Cl) p Value (95% Cl) p Value interaction
All-cause mortality
Women (n=1108) No diabetes (n=549) 25% 14% 1.73 (1.40 to 2.15)  <0.001 1.67 (1.3410 2.08) <0.001 0.005
Diabetes (n=559) 39%
Men (n=3004) No diabetes (n=1507) 36% 5% 1.17 (1.04 t0 1.31)  <0.001 1.21 (1.07 to 1.36) 0.002
Diabetes (n=1497) A%
All-cause hospitalisation
Women (n=1108) No diabetes (n=549) 61% 13% 1.49 (1.29t0 1.72)  <0.001 1.49 (1.28to 1.72) <0.001 0.011
Diabetes (n=559) 74%
Men (n=3004) No diabetes (n=1507) 66% 6% 1.21 (1.11 t0 1.31)  <0.001 1.21 (1.11t0 1.32) <0.001
Didbetes (n=1497) 72%

AR, absolute risk; ARD, absolute risk difference.

*Adjusted for age, race, body mass index, duration of heart failure, cetiology of heart failure, prior myocardial infarction, current angina, hypertension, diabetes,
pretrial use of digoxin, use of ACE inhibitors, diuretics and combination of hydralazine and nitrates, current dyspnoea at rest and dyspnoea on exertion, heart rate,
systolic and diastolic blood pressure, current jugular venous distension, third heart sound, pulmonary réles and lower extremity oedema, New York Heart Association
functional class, pulmonary congestion by chest x-ray, cardiothoracic ratio >0.5, estimated glomerular filiration rate and ejection fraction.
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All patients Figure 3 Age-related variations in sex—
(n=4112) diabetes interaction
<65 years =65 years
(n=1947) (n=2165)
Men Women Men Women
(n=1475) (n=472) (n=1529) (n=636)
Mortality in patients 30% 21% A41% 27%
without diabetes (229/756) (48/228) (306/751) (87/321)
Mortality in patients 36% 29% 45% 46%
with diabetes (262/719) (71/244) (347/778) (145/315)
Diabefes-related 36-30= 29-21= 45-41 = 46-27 =
absolute risk increase 6% 8% 4% 19%
Sex-related risk A N
difference 8-6=2% 19-4=15%
P for Mantel-Haenszel
test of heferogeneity 0.524 el
Adjusted hazard ratio 1.21 1.69 1.20 1.87
(95% confidence (1.01-1.45); (1.16-2.50); (1.03-1.40); | | (1.43-2.46);
interval) p=0.036 p=0.001 p=0.021 p<0.001
Adjusted p for
interaction 0.173 b0

diabetes was not centrally adjudicated and we had no data on
the duration and control status of diabetes. It is also likely that
patients developed diabetes during the follow-up, but these
data were not available. This analysis is based on HF patients
not receiving beta-blockers, thus limiting generalisability to
contemporary HF patients. However, in retrospect, it allowed us
to examine the effect of diabetes on the natural history of HF.
Additionally, the diagnosis and treatment of diabetes has
evolved during the same period. It is therefore important that
the results of the current analysis be replicated in contemporary
HF patients.

In conclusion, we noted that in a wide spectrum of
ambulatory patients with chronic mild to moderate systolic
and diastolic HF, all measured covariates being balanced at
baseline, the presence of diabetes was associated with increased
risk of death and hospitalisation. We also noted that the effect
of diabetes was significantly worse in women than in men, and
that this sex-related variation was restricted to HF patients =65
years. These results suggest that HF patients should be
thoroughly evaluated for the presence of diabetes and, if it is
present, should be intensively managed based on published
guidelines. Future studies should test existing interventions
and develop new ones to reduce the adverse effect of diabetes in
HF in general, and among older adults with HF, in particular.

ACKNOWLEDGEMENTS

The Digitalis Investigation Group (DIG) study was conducted and
supported by the NHLBI in collaboration with the DIG Investigators.
This manuscript was prepared using a limited access data set obtained

by the NHLBI and does not necessarily reflect the opinions or views of
the DIG Study or the NHLBI.

Authors’ affiliations

Ali Ahmed, Christine Ritchie, Fernando Ovalle, Louis J Dell’ltalia,
University of Alabama at Birmingham and VA Medical Center,
Birmingham, AL, USA

Inmaculada B Aban, Jiannan Zhao, University of Alabama at
Birmingham, Birmingham, AL, USA

Viola Vaccarino, Emory University, Aflanta, GA, USA

Donald M Lloyd-Jones, Northwestern University, Chicago, IL, USA
David C Goff Jr, Wake Forest University, Winston-Salem, NC, USA
Thomas E Love, Case Western Reserve University, Cleveland OH, USA
Giovanni Gambassi, Universita Cattolica del Sacro Cuore, Rome, ltaly

Funding: AA is supported by the National Institutes of Health through
grants from the National Institute on Aging (1-K23-AG19211-04) and the
National Heart, Lung, and Blood Institute (1-R01-HL085561-01 and P50-
HLO77100). UD is supported by a Specialized Center for Clinically
Oriented Research (SCCOR) in Cardiac Dysfunction grant PSOHL077100
from the National Institutes of Health, National Heart, Lung and Blood
Institute and the Office of Research and Development, Medical Service,
Department of Veteran Affairs.

Competing interests: None declared.

AA conceived the study hypothesis and design, and wrote the first and
subsequent drafts of the paper. AA conducted statistical analyses in
consultation with IBA, TEL, VV and JZ. All authors interpreted the data,
participated in critical revision of the paper for important intellectual
content, and approved the final version of the article. IBA and AA had full
access fo the data.

www.heartjnl.com



1590

REFERENCES

1

(6]

0 N O

Shindler DM, Kostis JB, Yusuf S, et al. Diabetes mellitus, a predictor of morbidity
and mortdlity in the Studies of Left Ventricular Dysfunction (SOLVD) Trials and
Registry. Am J Cardiol 1996,77:1017-20.
Domanski M, Krause-Steinrauf H, Deedwania P, et al. The effect of diabetes on
outcomes of patients with advanced heart failure in the BEST trial. J Am Coll
Cardiol 2003;42:914-922.
Miller JA. Impact of hyperglycemia on the renin angiotensin system in early
human type 1 dicbetes mellitus. J Am Soc Nephrol 1999;10:1778-85.
Lim HS, MacFadyen RJ, Lip GY. Diabetes mellitus, the renin-angiotensin—
aldosterone system, and the heart. Arch Intern Med 2004;164:1737-48.
Spiro MJ, Kumar BR, Crowley TJ. Myocardial glycoproteins in diabetes: type VI
collagen is a major PAS-reactive extracellular matrix protein. J Mol Cell Cardiol
1992;24:397-410.
Aronson D. Cross-linking of glycated collagen in the pathogenesis of arterial and
myocardial stiffening of aging and diabetes. J Hypertens 2003;21:3-12.
Rubin DB. Using propensity score to help design observational studies: application to
the tobacco litigation. Health Serv Outcomes Res Methodol 2001;2:169-88.
Rosenbaum PR, Rubin DB. Reducing bias in observational studies using
subclassification on the propensity score. J Am Stat Assoc 1984,79:516-24.
Ahmed A, Husain A, Love TE, et al. Heart failure, chronic diuretic use, and
increase in mortality and hospitalization: an observational study using propensity
score methods. Eur Heart J 2006;27:1431-39.
Ahmed A, Rich MW, Love TE, et al. Digoxin and reduction in mortality and
hospitalization in heart failure: a comprehensive post hoc analysis of the DIG
trial. Eur Heart J 2006;27:178-86.
Normand ST, Landrum MB, Guadagnoli E, et al. Validating recommendations
for coronary angiography following acute myocardial infarction in the elderly: a
matched analysis using propensity scores. J Clin Epidemiol 2001;54:387-98.
Natarajan S, Lico Y, Sinha D, et al. Sex differences in the effect of diabetes duration
on coronary heart disease mortality. Arch Infern Med 2005;165:430-5.
Huxley R, Barzi F, Woodward M. Excess risk of fatal coronary heart disease
associated with diabetes in men and women: meta-analysis of 37 prospective
cohort studies. BMJ 2006;332:73-8.
Gustafsson |, Brendorp B, Seibaek M, et al. Influence of diabetes and diabetes—
ender interaction on the risk of death in patients hospitalized with congestive
Eeart failure. J Am Coll Cardiol 2004;43:771-7.
The Digitalis Investigation Group. Rationale, design, implementation, and
baseline characteristics of patients in the DIG trial: a large, simple, long-term trial
to evaluate the effect of digitalis on mortality in heart failure. Control Clin Trials
1996,17:77-97.

17

18

20

21

22

23

24
25

26

27

28

29

30

31

Ahmed, Aban, Vaccarino, et al

The Digitalis Investigation Group. The effect of digoxin on mortality and
morbidity in patients with heart E::ilure. N Engl J Med 1997,336:525-33.
Rosenbaum PR, Rubin DB. The central role ofpropensity score in observational
studies for causal effects. Biometrika 1983;70:41-55.

Rubin DB. Estimating causal effects from large data sets using propensity scores.
Ann Intern Med 1997;127:757-63.

D’Agostino RB Jr. Propensig score methods for bias reduction in the comparison
of a treatment to a non-randomized control group. Stat Med 1998;17:2265-81.
Ahmed A, Perry GJ, Fleg JL, et al. Outcomes in ambulatory chronic systolic and
diastolic heart failure: A propensity score analysis. Am Heart J
2006;152:956-66.

Weitzen S, Lapane KL, Toledano AY, et al. Weaknesses of goodness-of-fit tests
for evaluating propensity score models: the case of the omitted confounder.
Pharmacoepidemiol Drug Saf 2004;14:227-38.

Levesque R. Macro. In: Levesque R, ed. SPSS® Programming and Data
Management, 2nd edn. A Guide for SPSS® and SAS® Users. Available online at:
http:/ /www.spss.com/spss/data_management_book.htm (accessed 8
September 2005). Chicago, IL: SPSS Inc, 2005.

Rubin DB. On principles %or modeling propensity scores in medical research.
Pharmacoepidemiol Drug Saf 2004;13:855-7.

SPSS for Windows. Rel. 14.0 [computer program]. Chicago: SPSS Inc., 2005.
Levey AS, Bosch JP, Lewis JB, et al. A more accurate method to estimate
glomerular filtration rate from serum creatinine: a new prediction equation.
Modification of Diet in Renal Disease Study Group. Ann Infern Med
1999,130:461-70.

Levey AS, Coresh J, Balk E, et al. National Kidney Foundation practice guidelines
for chronic kidney disease: evaluation, classification, and stratification. Ann
Intern Med 2003;139:137-47.

Barrett-Connor EL, Cohn BA, Wingard DL, et al. Why is diabetes mellitus a
stronger risk factor for fatal ischemic heart disease in women than in men? The
Rancho Bernardo Study. JAMA 1991,265:627-31.

Zhang X, Ye G, Duan J, et al. Influence of gender on intrinsic contractile
properties of isolated ventricular myocytes from calmodulin-induced diabetic
transgenic mice. Endocr Res 2003;29:227-36.

Ceylan-Isik AF, LaCour KH, Ren J. Sex difference in cardiomyocyte function in
normal and metallothionein transgenic mice: the effect of diabetes mellitus. J Appl
Physiol 2006;100:1638-46.

Desrois M, Sidell RJ, Gauguier D, et al. Gender differences in hypertrophy,
insulin resistance and ischemic injury in the aging type 2 diabetic rat heart. J Mol
Cell Cardiol 2004;37:547-55.

Maddaford TG, Russell JC, Pierce GN. Postischemic cardiac performance in the
insulin-resistant JCR:LA-cp rat. Am J Physiol 1997;273:H1187-92.

Save your favourite articles and useful searches

Use the ““My folders’ feature to save and organise articles you want fo return to quickly—saving
space on your hard drive. You can also save searches, which will save you time. You will only
need to register once for this service, which can be used for this journal or all BMJ Journdls,

including the BMJ.

www.heartjnl.com



